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Introduc<on	

•  Hazardous	storms	produce	a	unique	signature	called	an	overshoo9ng	cloud	top	in	
satellite-observed	reflected	sunlight	(“visible”)	and	infrared	imagery	

•  Automated	satellite-based	methods	for	detec9ng	hazardous	storms	have	been	
developed	at	NASA	Langley	Research	Center	(LaRC),	supported	by	both	NASA	and	NOAA	

•  NASA	LaRC	has	immediate	access	to	the	Himawari-8	satellite	imagery	collected	at	10	
minute	intervals	over	Southeast	Asia.		Himawari-8	is	currently	the	opera9onal	
geosta9onary	satellite	that	observes	Southeast	Asia	

•  This	enables	detec9on	of	hazardous	storms	at	2	km	resolu9on	and	distribu9on	of	easy-
to-understand	products	to	users	within	minutes	of	the	satellite	image	

•  The	combina9on	of	these	capabili9es	allows	for	real-9me	awareness	and	forecas9ng	of	
hazardous	storms	anywhere	and	at	any	9me	an	image	is	available.		This	is	especially	
valuable	in	regions	without	radar	or	lightning	detec9on	data	like	most	of	SE	Asia	

	
•  Recent	NASA	story	on	LaRC	hazardous	storm	research:	
hTp://www.nasa.gov/feature/langley/nasa-researchers-improve-hazardous-weather-forecasts	
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GOES-13	Visible:	2340	UTC,	May	29	2012	 GOES-13	Infrared:	2340	UTC,	May	29	2012	

Overshoo9ng	Top	

Above	Anvil	Cirrus	Plume	

Overshoo9ng	Top	

Weather	Hazards	Concentrated		
Near	Overshoo9ng	Tops	

•  Tornadoes	
•  Hail	
•  Damaging	wind	
•  Lightning	
•  Heavy	Rainfall	
•  Aircrac	icing	
•  Turbulence	



How	Do	Our	Human	Minds	Iden<fy	
Hazardous	Storms	in	Satellite	Imagery?	

How	Can	A	Computer	Algorithm	Emulate	The	Human	Mind?	
•  Satellite	data	are	simply	2-D	arrays	of	data	represen4ng	reflected	sunlight	or	IR	emission	at	par4cular	wavelengths	
•  What	is	an	“anvil”	cloud	or	an	OT?	Based	on	reflectance	or	temperature	value?		Something	more	complex?	
•  How	to	quan4fy	“texture”?	
•  We	need	to	transform	what	we	take	for	granted	in	our	minds	into	computer	code	that	can	reliably	detect	

hazardous	storms	anywhere	at	any	<me					

Storms	over	the	South	Pacific	



2000+	Manually	Iden9fied	OT	Regions	In	100	MODIS	Scenes	

GOAL:	Mimic	the	human	overshoo<ng	top	(OT)detec<on	process	using	IR	&	visible	imagery	
and	NWP	data	within	an	automated	computer	algorithm	

Visible	and	IR-Based	Probabilis<c		
Overshoo<ng	Cloud	Top	Detec<on	

Automated	Satellite-Based	Hazardous	Storm	Detec9ons	(red)		
Overlaid	on	GOES	Visible	Satellite	Imagery	

Satellite	IR	and	Visible	OT	Indicators	Derived	Via		
Image	PaTern	Recogni9on	+	NWP	Fields	

	
	
	
	

Large	Global	Training	Database	of	Satellite		
+	NWP	Fields	For	Both	OT	and	Non-OT	Anvil	Regions	

	
	
	
	

Sta9s9cal	Model	Used	To	Discriminate		
Between	The	OT	and	Non-OT	Anvil	Popula9ons	

	
	
	
	

IR+NWP	OT	Probability	Product	

+	Visible	Texture	Detec<on	



Overshoo<ng	Top	PaTern	Recogni<on	Analyses	
Bedka	and	Khlopenkov	(JAMC,	In	Press,	2016)		

Normalize	IR	BT	rela9ve	to	regional	clear-sky	BT	
characteris9cs	to	iden9fy	deep	convec9on	
	
PaTern	recogni9on	used	to	ensure	that	1)	the	region	
being	analyzed	is	indeed	within	deep	convec9on	and	2)	
the	feature	of	interest	has	characteris9cs	typical	of	OTs	
	
PaTern	recogni9on	uses	

• 	OT	shape	correla4on	
• 	BT	Score	prominence	rela4ve	to	surrounding	anvil		

• 	Anvil	flatness,	roundness,	and	edge	sharpness	
The	net	result	is	a	cumula9ve	ra9ng	obtained	for	each	
possible	OT	region.		Pixels	with	a	non-zero	ra9ng	are	
considered	“OT	Candidate”	regions		

OT	Candidates	are	then	assigned	an	OT	Probability	based	
on	BT	comparison	with	anvil	mean	BT,	NWP	tropopause,	
and	equilibrium	level	temps	using	a	large	training	
database	of	human-iden9fied	OT	and	non-OT	regions	

INFRARED	ANALYSIS	

VISIBLE	ANALYSIS	
•  Iden9fy	anvil	clouds	by	spa9al	analysis	and	thresholding	of	visible	reflectance	as	a	func9on	of	

9me	of	day	and	day	of	year	
•  Quan9fy	texture	via	paTern	recogni9on	within	Fourier	transform	computed	in	small	windows	in	anvils		
•  Detect	OT-induced	shadows	at	high	solar	zenith	angle	

Iden4fy	spa4al	extent	of	anvil	cloud	and	determine	how	far	OT	
candidate	regions	penetrate	above	their	anvils	



NASA	LaRC	Satellite-Based		
Overshoo<ng	Top	Detec<on	Products		

Weather	Hazards	
Concentrated		

Near	Overshoo9ng	Tops	
•  Tornadoes	
•  Hail	
•  Damaging	wind	
•  Lightning	
•  Heavy	Rainfall	
•  Aircrac	icing	
•  Turbulence	

GOES	satellite	image	
covering	the	US	can	be	

processed	and	distributed	to	
users	within	3	mins	of	image	

acquisi9on	at	LaRC	
	

Visible+IR	Product	
POD/FAR	=51	/	2%	

	
IR	Only	Product	

POD/FAR	=	69	/	18%	
	

Product	output	can	be	
tailored	to	meet	user	needs	

Higher	Texture	Ra9ng	->	More	intense	storm	



Mul<-sensor	Hazardous	Storm	Detec<on	
GOES-14	Super	Rapid	Scan:	25	May	2015	

ANIMATION	AVAILABLE	HERE:	hTp://cloudsgate2.larc.nasa.gov/site/people/data/kbedka/OTDetec9on_mutlipanel.gif	
		

Greyscale=GOES-14	1	km	Visible	Imagery	
Blue=VIS	Texture	Detec4on		
Magenta=Significant	Texture	

Greyscale=GOES-14	4	km	IR	Temperature	<	225	K	
Color	Shading=IR	OT	Detec4on	

Reflec9vity	at	10	km	from	a	Mosiac	pf	U.S.	Na9onal	
Weather	Service	Radars	

In-cloud	and	Cloud-to-Ground	Gridded	Ligh9ng	Flash	Detec9on		
Counts	from	the	Earth	Networks	Total	Lightning	Network	



IR-Based	OT	Detec<on	 Visible	OT	Texture	Detec<on	

Human	OT	Iden<fica<ons	 10	km	Radar	Reflec<vity	>	30	dBZ	
25	MAY	2015:	1200-2100	UTC	



Mul<-sensor	Hazardous	Storm	Detec<on	Anima<on	
GOES-14	Super	Rapid	Scan:	27	May	2015	

ANIMATION	AVAILABLE	HERE:	hTp://cloudsgate2.larc.nasa.gov/site/people/data/kbedka/MAY27_OTDetec9on_mutlipanel.gif	
	



Detec<on	of	Hazardous	Storms	Over	Southeast	Asia	Using	Himawari-8	
13	June	2015	



Detec<on	of	Hazardous	Storms	Over	Southeast	Asia	Using	Himawari-8	
13	June	2015	

ANIMATION	AVAILABLE	HERE:	hYp://cloudsgate2.larc.nasa.gov/site/people/data/kbedka/Mekong_13June2015_mutlipanel.gif	

First	Detec4on	of	Hanoi	Storm	
0850	UTC	



Detec<on	of	Hazardous	Storms	Over	Southeast	Asia	Using	Himawari-8	
13	June	2015	

ANIMATION	AVAILABLE	HERE:	hYp://cloudsgate2.larc.nasa.gov/site/people/data/kbedka/Mekong_13June2015_mutlipanel.gif	

Hanoi	Storm	Con4nues	to	
Develop:	0930	UTC	



Detec<on	of	Hazardous	Storms	Over	Southeast	Asia	Using	Himawari-8	
13	June	2015	

ANIMATION	AVAILABLE	HERE:	hYp://cloudsgate2.larc.nasa.gov/site/people/data/kbedka/Mekong_13June2015_mutlipanel.gif	

Storm	Approaching	
Hanoi:	1000	UTC	



Detec<on	of	Hazardous	Storms	Over	Southeast	Asia	Using	Himawari-8	
13	June	2015	

ANIMATION	AVAILABLE	HERE:	hYp://cloudsgate2.larc.nasa.gov/site/people/data/kbedka/Mekong_13June2015_mutlipanel.gif	

Storm	Over	
Hanoi:	1030	UTC	



Overshoo<ng	Top	-	Severe	Weather	Rela<onships	
Using	GOES-14	1-Minute	Super	Rapid	Scan	Imagery	

Satellite	images	in	a	30-min	window	around	
severe	weather	reports	analyzed	to	determine	
OT-severe	weather	rela9onships	
	
OTs	are	detected	in	>	80%	of	available	scans	in	a	
30-min	window	around	severe	weather	reports	
	
The	first	OT	detec9on	occurred	>15	mins	ahead	
of	the	severe	report	for	72%	of	the	events	
	
93%	of	severe	storms	had	at	least	1	OT	
detec9on	within	15	mins	of	the	severe	report		

Severe	Weather=Hail,	Damaging	Wind,	or	Tornado	



Detec<on	of	a	Hail/Tornadic	Storm	Over	Sydney,	Australia	Using	Himawari-8	
15	December	2015	
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Visible	Texture	Detec4on	Ra4ng	

33-Year	AVHRR	Overshoo<ng	Top	Climatology		
“230	AM/PM”	Satellite	Overpasses,	0.25°	Grid		

Afternoon Satellite Equator Crossing Time!
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Satellite	Overpass	Hour	



QUESTIONS	AND	DISCUSSION	


